








































Aspergillus	 flavus,	 Eurotium	 amstelodami,	 Fusarium	 graminearum	 and	 Penicillium	41	
verrucosum	at	20	and	25oC	and	(c)	shelf-life	periods	in	days	prior	to	visible	growth.	42	
This	showed	that	sucrose,	S1	and	S1+sucrose	in	water	solutions	were	able	to	reach	aw	43	
levels	 similar	 to	 those	of	glycerol	and	glucose	mixtures.	The	S2	and	S3	commercial	44	
sugar	substitutes	were	unable	to	reduce	aw	levels	significantly.	Colonisation	of	sponge	45	
cake	 slices	 by	 E.	 amsteladami,	 A.	 flavus	 and	 P.	 verrucosum	 occurred	 with	 all	 the	46	
treatments	 at	 25oC.	 At	 20oC,	 sucrose	 alone	 inhibited	 growth	 of	 A.	 flavus.	 F.	47	
graminearum	growth	only	occurred	in	sponge	cake	slices	containing	S2	and	S3	Stevia-48	
based	products	at	both	temperatures.	The	longest	shelf-life	periods	(30	days),	without	49	
spoilage,	 was	 for	A.	 flavus	 at	 20oC	with	 sucrose	 and	 S1	 Stevia	 product	 and	 for	 E.	50	
amstelodami	at	the	same	temperature	with	sucrose.	F.	graminearum	was	completely	51	
inhibited,	with	no	growth	occurring	at	both	temperatures	and	sucrose	alone,	S1	and	52	
sucrose	 +	 S1	 treatments.	 This	 study	 suggests	 that,	 as	 part	 of	 a	 hurdle	 technology	53	
approach,	 replacing	 sucrose	 with	 low	 calorie	 sugar	 substitutes	 based	 on	 Stevia	54	
glycosides	 needs	 to	 be	 done	 with	 care	 as	 different	 products	 may	 have	 variable	55	







important	 in	 sweetened	 bakery	 products	 and	 confectionary	 for	 its	 preservation	63	
characteristics	 and	 as	 an	 important	 source	 of	 energy,	 providing	 394	 kcal/100	 g	 of	64	
refined	sugar.	 It	preservation	properties	are	to	act	as	a	humectant	by	reducing	the	65	
water	 activity	 (aw)	 of	 bakery	 products	 as	 part	 of	 a	 hurdle	 technology	 strategy.		66	
Intermediate	bakery	products	have	a	relatively	short	shelf-life	although	this	can	be	67	
extended	 by	 addition	 of	 aliphatic	 acids	 and	 sometimes	 modified	 atmosphere	68	
packaging.	However,	these	intermediate	moisture	products	are	prone	to	colonisation	69	
by	xerophilic	and	xerotolerant	fungi	when	not	stored	properly.	The	most	important	70	





sweetners	 in	bakery	products.	 The	most	 common	high-intensity	 sweeteners	 in	 the	76	
world	market	(e.g.	saccharin,	aspartame,	sucralose)	are	made	of	synthetic	compounds	77	
(Abdalbasit	et	al.,	2014).	There	has	thus	been	interest	in	other	alternative	plant-based	78	




has	 a	 ‘natural’	 image	 (Gibson-Moore,	 2013).	 In	 2011,	 the	 European	 Commission	83	
authorised	 the	 use	 of	 pure	 steviol	 glycosides	 (95%)	 in	 foods	 and	 beverages	 in	 the	84	
European	Union.	85	
	86	
Stevia	 products	 are	 being	 increasingly	 used	 (Chattopadhyay	 et	 al.,	 2014)	 by	 food	87	
companies	 which	 produce	 sweetened	 bakery	 products	 and	 recommended	 as	 a	88	
substitute	 for	 home	 baking.	 However,	 there	 have	 surprisingly	 been	 no	 studies	 on	89	





The	 objectives	 of	 this	 study	were	 to	 (a)	 evaluate	 the	water	 binding	 capabilities	 of	95	
different	commercial	Stevia-based	sweetener	formulations	by	comparing	them	with	96	
sucrose,	 glucose	 and	 glycerol,	 (b)	 to	 examine	 the	 effect	 of	 three	 Stevia	 substitute	97	
products	(S1-S3)	alone	or	with	sucrose	on	fungal	colonisation	rates	on	sponge	cake	98	
slices	 at	 20	 and	 25oC	 by	 different	 spoilage	 fungi	 (Aspergillus	 flavus,	 Penicillium	99	
verrucosum,	 Eurotium	 amstelodami	 and	 Fusarium	 graminearum),	 and	 (c)	 relative	100	







identified	 as	 S1,	 S2	 and	 S3.	 The	 information	 on	 the	 product	 labels	with	 regard	 to	108	
weight,	 composition,	 manufacturer	 dosage	 guidelines	 and	 energy	 per	 100	 g	 was	109	
recorded	and	are	shown	in	Table	1.	110	
	111	




Stevia	 products	 in	 water	 solutions	 were	 close	 to	 their	 maximum	 solubility,	 the	116	
temperature	was	increased	when	required	to	allow	complete	dissolution.	117	
	118	





































Fungal	 strains	 Aspergillus	 flavus	 (NRRL3357),	 Penicillium	 verrucosum	 (OTA11),	156	
Eurotium	amstelodami	(IMI229971)	and	Fusarium	graminearum	(FgB	(L1-2/2D)	were	157	
grown	on	Malt	Extract	Agar	(MEA)	for	10	days,	except	for	the	E.	amstelodami	strain	158	
which	 was	 grown	 on	MEA	modified	 to	 0.95	 aw.	 From	 these	 cultures	 spores	 were	159	
collected	 using	 10	 mL	 sterile	 saline	 solution	 containing	 0.05%	 Tween	 80	 (Acros	160	
Organics,	USA)	and	rubbing	 the	surface	with	a	 sterile	glass	 rod	 in	order	 to	 remove	161	
conidia.	 The	 spore	 suspensions	 were	 counted	 using	 a	 haemocytometer	 (Fisher	162	



























location.	Differences	between	 independent	 groups	 at	 each	 temperature,	 using	 the	190	
different	stevia	formulations,	sucrose	only	and	the	sucrose-S1	mixture	as	factors,	were	191	
examined	by	the	Kruskal–Wallis	analysis	of	ranks.	Nonparametric	multiple	comparison	192	
using	 the	 Wilcoxon	 each	 pair	 test	 were	 performed	 to	 identify	 differences	 within	193	
























(sucrose,	 glucose	 and	 glycerol)	 the	 S2	 and	 S3	 commercial	 Stevia	 products	 were	218	
relatively	ineffective	in	decreasing	aw.	However,	S1	was	able	to	do	so.	In	addition,	on	219	
a	weight/volume	basis	reductions	were	higher	than	those	obtained	with	sucrose	and	220	







ranged	 from	 0.852	 (S1+Sucrose)	 to	 0.971	 aw	 (S3	 alone).	 This	 showed	 that	 cakes	228	









fungi,	 especially	 A.	 flavus	 and	 P.	 verrucosum	 at	 25oC	 (p=0.0238	 and	 p<0.001	238	
respectively).	 Sucrose	alone	or	 sucrose	+	S1	was	also	effective	at	 reducing	 relative	239	
growth	 rates	of	 this	 xerophilic	 species.	A.	 flavus	was	 also	 able	 to	 grow	effectively,	240	
regardless	 of	 treatment	 at	 25oC	 (p=0.062).	 However,	 at	 20oC	 it	 was	 inhibited	 by	241	
sucrose	alone,	S1	and	sucrose	+	S1	(p<0.0001).	For	P.	verrucosum,	while	growth	was	242	
relatively	 slower,	 colonisation	was	 observed	 for	 all	 the	 treatments	 at	 both	 20	 and	243	
25oC.	 For	 both	 temperatures	 significant	 differences	 where	 observed	 between	244	
different	 treatments	 (20oC	p=0.0004,	 25oC	p<0.0001)	where	 they	 grew	 faster	with	245	
products	S2	and	S3.	F.	graminearum	was	the	most	sensitive	species	tested	and	it	was	246	
only	able	to	grow	in	the	presence	of	S2	and	S3.	Between	them,	growth	with	S2	was	247	




















This	 study	 suggests	 that	 while	 Stevia	 glycosides	 may	 have	 many	 positive	268	
characteristics	as	a	low	calorie	sugar	substitute,	it	may	not	be	as	effective	as	part	of	a	269	
hurdle	technology	approach	to	control	fungal	spoilage	unless	used	with	other	hurdles	270	
in	 intermediate	 moisture	 bakery	 products.	 It	 is	 interesting	 to	 note	 that	 the	 aw	271	
reduction	of	different	concentrations	of	Stevia	products	was	variable.	This	may	partly	272	
be	because	of	the	formulation	of	the	products	themselves	and	their	solubility.	Thus	273	
while	 S1	was	effective	 at	 reducing	 the	aw	 in	mixed	water	 solutions	down	 to	 levels	274	





humectant,	 almost	 as	 good	 as	 glycerol.	 	 It	 also	 occurs	 naturally	 in	 a	 number	 of	280	
horticultural	 products,	 is	 heat	 stable	 up	 to	 160oC,	 non-caloric	 and	 non-glycemic.		281	
Studies	of	 aw	 tolerance	by	mycotoxigenic	 spoilage	 fungi	 have	 shown	high	 levels	of	282	





foods	 and	 beverages.	 It	 is	 nearly	 tasteless	 but	 is	 often	 described	 as	 being	 slightly	288	
sweet.	 However,	 the	 density	 (g/volume)	 of	 both	maltodextrin-bulked	 Stevia-based	289	








The	effect	of	different	 sponge	cake	 treatments	 in	 terms	of	 fungal	 colonisation	and	298	
shelf-life	were	subsequently	standardised	to	maintain	an	299	






growth	 suggesting	 rapid	potential	 for	 contamination	 after	 baking	of	 the	product	 if	306	
contaminated	with	 spores	of	 these	 species.	The	ability	of	maltodextrin	 to	enhance	307	
fungal	growth	on	plants	and	potentially	increase	the	amount	of	mycotoxins	has	been	308	
raised	 by	 EFSA	 when	 assessing	 maltodextrin	 use	 as	 an	 insecticide	 (EFSA,	 2013).	309	
Although	some	reports	have	described	the	ability	of	extracts	from	Stevia	rebaudiana	310	
(Bertoni)	to	control	fungal	growth	and	mycotoxins	production	(Garcia	et	al.,	2012),	we	311	
have	not	observed	 this	effect	when	using	purified	 steviol	glycosides.	However,	 the	312	
proportion	of	steviol	glycosides	present	in	the	products	used	in	this	study	ranged	from	313	
1-2%,	which	might	be	far	lower	than	concentrations	used	in	the	trials	by	Garcia	et	al.	314	
















and	S3	were	much	 less	effective	with	very	 short	 shelf-lifes	prior	 to	visible	 spoilage	331	
becoming	 visible.	 This	 would	 suggest	 that	 unless	 combined	with	 a	 range	 of	 other	332	










products.	 This	 study	 suggests	 that	 modified	 bakery	 product	 formulations	 which	343	
incorporate	Stevia	products	 to	reduce	the	overall	 sugar	content	needs	to	take	 into	344	
account	 potential	 shorter	 shelf-life	 issues	 with	 regard	 to	 fungal	 spoilage	 in	 such	345	
intermediate	moisture	bakery	products.	This	may	increase	the	relative	risk	for	shorter	346	
shelf-life	of	such	products.	Perhaps	the	use	of	such	products	in	home	baking	requires	347	
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E.	 amstelodami	 and	 P.	 verrucosum	 on	 the	 cake	 analogue	 slices	 over	 a	 1	 month	433	
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